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(57) ABSTRACT 

An X-ray generator is rotatably attached to one end of a 
C-shaped arm, and a planar X-ray detector is attached to the 
other end of the C-shaped arm via a link mechanism capable 
of freely changing a position/direction of the detector. The 
X-ray generator is rotated to achieve imaging in an oblique 
direction, without sliding/rotating the C-shaped arm. The 
link mechanism is driven in association with the rotation of 
the X-ray generator so that the X-ray detector may face the 
X-ray generator. Thus, the limit to the slide angle range can 
substantially be eliminated without degrading accessibility, 
and various positioning is achieved exactly and easily. 

28 Claims, 8 Drawing Sheets 
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X-RAY DIAGNOSIS APPARATUS image acquisition is effected based on the major axis 

rotation, there is no choice but to access the head portion of 

BACKGROUND OF THE INVENTION the object in order to avoid interference between the 

_ „ v C-shaped arm and the head of the object. Therefore, the 

He present mvenUon generally relates to an X-ray drag- 5 k ^ q{ of ^ ^ £ rahfcte|L 

nosis apparatus, and more particularly to an improvement of ~, . . . .z . . - . 

«n «m fnr UsxiAinn nn *v~ ^fr v a+*»m™ Furthermore, there is an idea that the C-sbaped arm is 

an arm tor holding an X-ray generator and an X-ray detector. . .... • * 

^ . ..... , » „ / . rotated around the object to obtain tomographic images. In 

v t ^ 2E^J?. ^ b ^ PatCnt ^k^ 1 ™ this case, however, the angle of X-ray detection plane to the 

No. 10-295526, filed Oct 16 1998, the entire content of object vaHes ^ m ^ ma J sSou Qecds \ 0 be ^ 

which is incorporated herein by reference. 10 formcd according t0 thc rotadon ailglc i^ge acquisi- 

An example of the X-ray diagnosis apparatus is an X-ray tion. There arise such problems as degradation in image 

diagnosis apparatus for a circulatory system. In this quality and an increase in time needed up to image display, 

example, an X-ray generator and an X-ray detector are fixed In thc meantirne> mere ^ ^ a circulatory-system 

to both ends of the arm so as to face each other. In general, X -ray diagnosis apparatus wherein the arm is formed in a 

there are two shapes of the arm i.e. C-shape and U-shapc. 15 ^ sha ^ f lflcc ^ x . ray colter tomography apparatus, 

Tie C-shaped arm is now widely used in view of the ^ ^ {Q obtain a 3D _ rcconstruc tcd ima ge, tbc X -ray gen- 

efficiency of 3D positioning. erator m6 x . ray deteclor are disposed on the arm so as to 

FIG. 1 shows a conventional circulatory-system X-ray f aC e each other, and the ring-shaped arm is made rotatable 

diagnosis apparatus using the C-shaped arm. The C-sbaped so as to perform volume scan. This apparatus can rotate in 

arm 103 is slidably held by a holder 102. The holder 102 is 20 a gliding manner over 360°0 and can acquire a 3D image by 

held to a support column 101 so as to be rotatable about a 3D reconstruction. However, the ring-shaped arm has no 

major axis (axis Al in FIG. 1). The support column 101 is such opening as in the C-shaped arm, and the access to the 

attached to a ceiling 100 or the floor so as to be rotatable object is very difficult. 

about a support column axis (axis A2 in FIG. 1). Although ne above drawbacks are present not only in the 

not shown, a vertical drive mechanism may be provided on 25 c irculatory-system X . ray diagnosis apparatus but in other 

the ceiling 101. In the case of a ceiling-pending type x _ ray diagnosis apparatuses, 
apparatus, a rail is provided on the ceiling so that the 

apparatus may be movable in one or two directions. BRIEF SUMMARY OF THE INVENTION 

The X-ray detector 105 includes an image intensifier (I.I.). The present invention has been made in consideration of 

The X-ray detector 105 converts X-ray information, which 30 the above circumstances, and its object is to provide an 

has passed through an object, to optical information and X-ray diagnosis apparatus capable of exactly and easily 

converges the optical information through an optical lens. achieving various positioning and applicable to a wide range 

The converged information is taken into a TV camera for of diagnostic uses. 

image display. The X-ray detector 105 can be vertically According to the present invention, there is provided 

moved by a drive mechanism (in directions toward and away 35 following apparatuses. 

from the X-ray generator 104). (1) An X-ray diagnosis apparatus comprises: 

The X-ray detector 105 (including the I.I., optical system, an X-ray generator for emitting X-rays towards an object; 

TV camera, etc.) and X-ray generator 104 are fixed to both an X-ray detector for detecting the X-rays which have 

ends of the C-shaped arm 103 so as to face each other. A rail ^ passed through the object; 

(not shown) is provided on a rear surface or a side surface a first arm; 

of the C-shaped arm 103. Rolls (not shown) provided on the an arm support member for supporting the first arm; 

holder 102 clamp the rail, whereby the C-shaped arm 103 is a detector support member, provided at one end of the first 

slidably held. for supporting the X-ray detector such that a 

Because of the structure of the C-shaped arm 103, the 45 position/direction of the X-ray detector is variable; and 

range of angles over which the C-shaped arm 103 can slide an x . ray generator support mem ber, provided at the other 

is limited (180°). On the other hand, with development and cnd of mc ^ arm> for SU pp 0 rting the X-ray generator 

diversification of operation techniques, there is a demand for ^ that a position/direction of the X-ray generator is 

observation of finer vascular images with no overlapping variable. 

with non-related blood vessels. Specifically, there is a 50 ( 2 ) In the apparatus (1), the arm support member comprises 

demand for an increase in the slide angle of the C-shaped a holder for s ii da bly supporting the first arm, and a support 

arm, which will permit image acquisition at greater angles. column for rotatably supporting the holder 

To meet the demand, there is an idea that the C-shaped (3) m the apparatus (2), the first arm has an arcuated shape, 

arm 103 is extended to increase the slide stroke. If the (4) in the apparatus (1), the detector support member com- 

C-shaped arm 103 is extended, however, the end portions of ss prises a plurality of arms and a joint for movably coupling 

the C-shaped arm 103 may physically interfere with the the arms, one of the arms being movably coupled to the one 

object, depending on the direction of access to the object, in end of the first arm, and another of the arms being movably 

particular, when the head portion of the object is accessed by coupled to the detector. 

the C-shaped arm 103. Consequently, the slide stroke may (5) i n the apparatus (1), the X-ray generator support member 
decrease, contrary to the expected result. go comprises a plurality of arms and a joint for movably 
On the other hand, there is an idea that images are coupling the arms, one of the arms being movably coupled 
acquired while the C-shaped arm is rotated about the major to the other end of the first arm, and another of the arms 
axis and the projection images are three-dime nsiooally being movably coupled to the X-ray generator, 
reconstructed to obtain a 3D image. This idea is based on the (6) In the apparatus (1), the detector support member corn- 
fact that the slide stroke of the C-shaped arm is limited, as 65 prises a single extendible arm movably coupled at one end 
stated above, and there is difficulty in acquiring all image to the one end of the first arm and movably coupled at the 
information necessary for 3D reconstruction. When the other end to the detector. 
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(7) In the apparatus (1), the X-ray generator support member means for controlling an X-ray aperture opening of the 
comprises a single extendible arm movably coupled at one X-ray generator such that a center of an X-ray flux coincides 
end to the other end of the first arm and movably coupled at with a center of a detector image-reception plane of the 
the other end to the X-ray generator. X-ray detector. 

(8) In the apparatus (1), the detector support member coo- 5 (20) H« apparatus (19) further comprises means for con- 
trols the position/direction of the detector such that a center filing a position of a bed, on which the object is placed 
of the emitted X-rays coincides with a center of an image such a *gion-of-intercst is always located at a center of 

reception plane of the detector, and f^^^'v M ^ ♦ 

. (21) In the apparatus (1), the detector support member 

the X-ray generator controls an X-ray aperture opemog in comprises a brake release switch for manually turning on/off 

accordance with a positional relationship between the 10 braJdng of rcspcct i vc mova ble mechanisms. 

X-ray generator and the X-ray detector. ( 2 2) The apparatus (21) further comprises means for coo- 

(9) In the apparatus (1), the detector support member con- trolling respective movable portions holding the detector 
trols the position/direction of the X-ray detector such that support member such that manual operations can be per- 
the X-ray detector faces the X-ray generator. formed when the position/direction of the X-ray detector is 

(10) In the apparatus (9), the detector support member 15 controlled. 

supports the X-ray detector such that a distance (SID) (23) In the apparatus (20), the X-ray generator support 

between a focus point of the X-ray generator and a detection member includes means for controlling an X-ray aperture 

plane of the X-ray generator is kept constant. opening of the X-ray generator such that a center of an X-ray 

(11) In the apparatus (1), the detector support member flux coincides with a center of an image-reception plane of 
controls the position/direction of the X-ray detector such 20 the X-ray detector. 

that the X-ray detector is parallel to a floor. ( 24 ) In the apparatus (1), the first arm has an arcuated shape 

(12) The apparatus (11) further comprises: ?iJ! b ? ul L v 

' , „ , . . . (25) In the apparatus (1), the X-ray detector is a planar 

a bed apparatus for parallel-moving the object in a plane CQ ^ a of detection cle . 

parallel to the floor, and ^ menls 

wherein the X-ray generator support member changes the (26) In the apparatus (2), the first arm is such an offsetless 

position/direction of the X-ray generator in association arm that a rotational axis of the holder is located in a plane 

with movement of the object, and defined by the arm. 

the detector support member parallel-moves the X-ray According to the present invention, the X-ray generator 

detector in a plane parallel to the floor in association 30 for emitting X-rays to the object is attached to the arm such 

with the movement of the object. ^at & c position/direction of the X-ray generator is variable. 

(13) In the apparatus (11), the X-ray generator support ™* position/direction of emitted X-rays can be altered by 
member changes the position/direction of the X-ray genera- ctonffn* the direction of the X-ray generator. The X-ray 
tor such that a direction of the X-rays varies along a body detector for detec^g X-rays, which have passed through the 
axis of the ob'ect, and object, is attached to the aim via the mechanism capable of 

* . „ , , „ 35 easily changing the position/direction of the X-ray detector 

the detector support member parallel-moves the X-ray fa ^ the action of emission of X-rays 

detector in a plane parallel to the floor in association determined by ^ rotation of ^ x . ray generator . ^ 

wuh a change in the position/direction of the X-ray QQ whjch the object fc placed fe moved tQ me position 

generator. corresponding to the direction of emission of X-rays deter- 

(14) In the apparatus (1) the detector support member 40 mined by me position/direction of the X-ray generator, 
controls the direction of the X-ray detector at a predeter- Unlike me roBVCntional reshaped arm, the C-shaped arm of 
mined angle to the floor this invention can be positioned at large angles. The degree 

(15) In the apparatus (1), the detector support member of frecdom of the apparatus mcrcascs and this apparatus is 
controls the position/direcUon of the X-ray detector such a ^ Ucablc t0 a ^ range of clinical ^ Moreover, the 
that the X-ray detector is substantially put in close contact 45 slidc strokc can ^ substantially increased without deterio- 
with a body surface of the object rating the accessibility to the object, and volume image 

(16) The apparatus (1) further comprises a handle provided acquisition ^ realized. Tomographic images can also be 
on a part of one of the detector support member and the obtained ^ ^ and ^ degfee of freedom of the 
detector, and apparatus increases. Furthermore, the apparatus can be 

wherein the X-ray generator support member moves the so reduced in size and weight. 

x-ray generator in association with movement of the Additional objects and advantages of the present inven- 

X-ray detector when the X-ray detector is manually tion ^ be M f orth m tDe description which follows, and 

moved with use of the handle. m part ^1 be obvious from the description, or may be 

(17) In the apparatus (1), the detector support member lcarncd by pract ice of the present invention, 
comprises input means for setting a distance between a focal 55 Jh e objects and advantages of the present invention may 
point of the X-ray generator and a detection plane of the b e realized and obtained by means of the instrumentalities 
X-ray detector, means for controlling the position/direction anc j combinations particularly pointed out hereinafter. 

of the X-ray detector such that the distance is kept constant, „ „ „„, 4 

and display means for displaying the set distance. BRIEF DESCRIPTION OF THE SEVERAL 

(18) The apparatus (1) further comprises means for control- 60 VIEWS OF THE DRAWING 

ling a position of a bed, on which the object is placed, such The accompanying drawings, which are incorporated in 

that a center of an X-ray flux passes through a center of a and constitute a part of the specification, illustrate presently 

region-of-interest of the object while an imaging magnifi- preferred embodiments of the present invention and, 

cation ratio is kept constant. together with the general description given above and the 

(19) In the apparatus (1), the detector support member 65 detailed description of the preferred embodiments given 
includes means for moving the X-ray detector in a given below, serve to explain the principles of the present inven- 
plane, and the X-ray generator support member includes tion wherein: 
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FIG. 1 is a perspective view of a C-shaped arm and mechanism 20 having two arms such that the position/ 

associated parts of a conventional circulatory-system X-ray direction of the X-ray generator 12 can be varied, 

diagnosis apparatus; The direction of the X-ray generator 12 is varied in 

FIG. 2 shows a basic structure of a C-shaped arm of an association with the position/direction of the X-ray detector 

X-ray diagnosis apparatus according to a first embodiment 5 16. The rotary mechanism for holding the X-ray generator 

of the present invention; 12 and the link mechanism 20 for holding the X-ray detector 

. 16 are controlled such that the X-ray detector 16 may always 

FIG 3 is a perspective view showing a rotary mechanism ^ opposcd t0 mc X -ray generator 12 (in other words, X-rays 

of an X-ray generator according to the first embodiment; may be made perpendicularly incident on a detection plane 

FIGS. 4A and 4B are cross-sectional views of the rotary Q of the detector 16). Although not shown, a top plate of a bed, 

mechanism of the X-ray generator; on which the object is placed, is moved in association with 

FIG. 5 is a perspective view showing a holding mecha- me positions/directions of the X-ray generator 12 and X-ray 

nism for an X-ray plane detector; detector 16. The positional relationship among the three is 

FIG. 6 is a cross-sectional view'of the holding mechanism controlled such that the center of the X-ray flux may pass 

for the X-ray plane detector; " 15 *** of a "^on-of-interest (ROI) of the object 

_ . M „ „ . , _ and an imaging magnification ratio may become constant. 

\ 1 sh0WS a handle for manually movmg ^ X - ra * The image magnification ratio becomes constant by making 

plane detector, an gj^ (g^og image distance: a distance between a focal 

FIG. 8 shows another example of the imaging position in po i n t 0 f the X-ray tube and a detection plane of the detector) 

the first embodiment; and an SOD (source object distance: a distance between the 

FIG. 9 shows a basic structure of a C-shaped arm of an focal point of the X-ray tube and the object) constant. 

X-ray diagnosis apparatus according to a second embodi- Instead of displacing/moving the top plate, the C-shaped 

ment of the present invention; arm 14 may be vertically moved and horizontally moved 

FIG. 10 shows another example of the position in the alon g thc ceiling. Thereby, the position/direction of the 

second embodiment; 25 c_sna P ed arm 14 itself may be varied to relatively change 

FIG. 11 shows a basic structure of a C-shaped arm of an ** of thc ob Jf <*• 

X-ray diagnosis apparatus according to a third embodiment Reference numeral 18 denotes a holder having rollers (not 

of the present invention; shown) for clamping a rail (not shown) provided on a rear 

n,* ^ •* , ci-uj c surface or a side surface of the C-shaped arm 14. Although 

FIG. 12 shows a basic structure of a C-shaped arm of an , . . - T . - - x 

v „ . , T . . , n not shown in FIG. 2, like the prior art shown in FIG. 1, the 

X-ray diagnosis apparatus according to a fourth embodiment 30 , - 0 . . . ' ' . . . _ / , . 

of the resent invention- holder 18 is held to the support column so as to be rotatable 

o e pre n in en n, about the major axis. The support column is fixed to the 

FIG. 13 shows a basic structure of a C-shaped arm of an ceiling or floor so as to be rotatable about the support 

X-ray diagnosis apparatus according to a fifth embodiment column axis. Although not shown, a vertical drive mecha- 

of the present invention; and ^ nism may be prov ided on the support column. In the case of 

FIG. 14 is a block diagram showing the configuration of a ceiling-pending type apparatus, a rail is provided on the 

a control circuit of the X-ray diagnosis apparatus according ceiling so that the apparatus may be movable in one or two 

to the present invention. directions. 

DFTATI PD DF SCRIPT! ON OF THE According to the first embodiment, the X-ray generator 12 

UblAlLbU Ubi^l^IUN VI IHb ^ fa rotaled tQ change thf . dircction of ^^0^ aa d the link 

mechanism 20 is driven accordingly so as to change the 

A preferred embodiment of an X-ray diagnosis apparatus position/direction of the X-ray detector 16 such that the 

according to the present invention will now be described X-ray detector 16 may always be opposed to the X-ray 

with reference to the accompanying drawings. generator 12. Thereby, even if the C-shaped arm 14 is not 

45 actually slid/rotated, the imaging angle can be altered. It is 

First Embodiment mus possible to obtain an image equivalent to an image 

FIG. 2 shows a C-shaped arm of an X-ray diagnosis obtained when the C-shaped arm 14 is slid/rotated at the 

apparatus according to the first embodiment of the present ROI « For example, when an image is to be obtained at an 

invention. The general structure of the first embodiment is oblique angle, as indicated by a broken line in FIG. 2, it is 

the same as that of the prior art shown in FIG. 1, and the 50 necessary in the prior art to slide/rotate the C-shaped arm 14. 

showing of the support column, etc. is omitted. Unlike the In tDC present embodiment, however, imaging can be 

prior art, in the first embodiment, an X-ray generator 12 effected by altering the direction of the X-ray generator 12 

including an X-ray tube is held to one end of a C-shaped arm and position of the bed and the position/direction of the 

14 (having a substantially semicircular shape) such that the X-ray detector 16 accordingly, without the need to slide/ 

position/direction of the X-ray generator 12 can be varied. In 55 rotate the C-shaped arm 14. 

addition, a planar X-ray detector 16 in which a plurality of As a result, the slide stroke can substantially be increased 

solid-state detector elements are arranged in an array is held while the accessibility to the object can be maintained, 

to the other end of the C-shaped arm 14 such that the without extending the C-shaped arm. If the rotation of the 

position/direction of the planar X-ray detector 16 can be X-ray generator is combined with the sliding/rotating of the 

varied. Various types of holding structures can be adopted. 60 C-shaped arm, imaging can be effected at greater angles. If 

In this embodiment, the position/direction of the planar the slide stroke of the C-shaped arm is set at 180°, a 3D 

X-ray detector 16 can be varied but the position of the X-ray image can be obtained by 3D reconstruction only by sliding/ 

generator 12 can not be varied. The X-ray generator 12 is rotating the C-shaped arm and rotating the X-ray generator 

directly held to the C-shaped arm 14 via a rotary mechanism, 12 by a degree corresponding to the angle of a cone beam 

and the X-ray detector 16 is held to the C-shaped arm 14 via 65 radiated from the X-ray generator 12. 

a link mechanism 20 having two arms. However, the X-ray FIG. 3 shows an example of the rotary mechanism for the 

generator 12 can be held to the C-shaped arm 14 via the link X-ray generator 12. The course of rotation of the X-ray 
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generator 12 is defined by R-sbaped slide guides 22 fixed to The handle 62 may be attached not to the detector 16 but to 

the C-shaped arm 14. Both ends of an open-ended timing the link mechanism 20. The motor 30 (FIG. 4A) of the rotary 

belt 24 are fixed to side surfaces of the X-ray generator 12, mechanism for the X-ray generator 12 may be controlled so 

Pulleys 26 are engaged on both sides of an intermediate that the X-ray generator 12 may face the X-ray detector 16 

portion of the belt 24. A driving pulley 28, which is driven 5 * accordance with movement of the X-ray detector 16. 

by a motor 30, is engaged between the belt 24 and X-ray Specifically, on the basis of the output of the position sensor 

generator 12 at a location between the pulleys 26. The timing 5 * kchided in the link mechanism 20 of X-ray detector 16 

belt 24 is driven by the rotation of the driving pulley 28. As the rotation of the X-ray generator 12 and the angle of 

the timing belt 24 is driven, the X-ray generator 12 rotates slidm^rotatmg of the C-shaped arm 14 are automatically 

along the slide guides 22 and the direction of X-ray irradia- 10 «**oUed in real time so that the X-ray generator 12 may 

tion is altered 06 detection plane of the X-ray detector 16. 

FIGS. 4A and 4B arc cross-sectional views taken along „ TOe ^ ?*P«*» «*» * and 9*** «» 

lines 4A-AA! and 4B-4B 1 in FIG. 3. respectively. Referent P™«™ desued by the operator. For example as shown 

, , 4 i-j wi i r u- »u i-j m FIG. 8, the apparatus can be positioned such that the 

numeral 32 denotes a shde block for aUachmg the shde isometric center departs from the ROI. Without moving the 

guides 22 to the C-shaped arm 14. 15 , . , . , . , °. 

b v object, desired images can be obtained at various angles. 

The angle of rotation of the X-ray generator 12 may be Therefore, this apparatus is suitable for diagnosis in an 

detected indirectly on the basis of the motor shaft by means emergency 

of a potentiometer or an encoder. Alternatively, the angle of A brake release v ^ M ^ provided on ue hand i e 62 

rotation of the X-ray generator 12 may be detected directly mounted on ^ x detector u y^^ the x 

by means of a pinion engaged with a flexible rack attached u ^ manuaUy moved( thc opcratDr hol(Js ^ handle 62 and 

to the X-ray generator 12. ^ Qn ^ bfakc re , easc switch M [f the b(ake releasc 

FIG. 5 shows an example of the link mechanism 20 for switch 54 ^ ^roed on, braking on the three joints (coupling 

holding the X-ray detector 16 to the C-shaped arm 14 such between the drum 52 and motor 56) of the link mechanism 

that the position/direction of the X-ray detector 16 can be a 2 0 of X-ray detector 16 and the major-axis rotation and 

varied. The link mechanism 20 connected to the C-shaped support-column-axis rotation of the C-shaped arm is 

arm 14 comprises a first arm 42, a second arm 44, a first joint released, thus enabling manual positioning. 

46, a second joint 48 and a third joint 50. The first joint 46 Force detection devices comprising, e .g. strain gauges are 

b provided at a coupling portion between the C-shaped arm ^ 0Q ue rotatioDal ^ of each joint md me major 

14 and first arm 42. The second joint 48 is provided at a x ajds and n axis of ^ c^p^, m ^ force 

coupling portion between the first and second arms 42 and dtleaion devices determine imbalance due to gravity and 

44. The third joint 50 ^ provided at a coupling portion due to external force . u Ae operational force is 

between the second arm 44 and the X-ray detector 16. The manuaUy mptied by ^ operator to the X-ray detector 16, 

first to thir d joints 46, 48, 50 have rotary function. The first rotation accordin to the operational force can be performed 

to third joints 46, 48, 50 rotate singly or in combination to }5 whfle ^ with the motor 56 is maintained. Thus, the 

achieve a desired movement. For example, the X-ray detec- x u ^ bc ^3^^^ t0 the position 

tor 16 controlled to face the X-ray generator 12 while a desired b ^ operaton 

distance between the focal point of the X-ray generator 12 _ . „ ,. . . v . , 

....... . r.uv j . L i< /■ The operator manually displaces/moves the X-ray detec- 

and the detection plane of the X-ray detector 16 (i.e a ^ ^ ^atdha^ and turns off the 

surface image distance (SID)) and a distance between the „ ^ release 64 ^ ereb brakin on me respeclive 

focal point of the X-ray generator 12 and the object (i.e. a ^ major . axis ^ ^^^.^ 

surface object distance (SOD)) are kept constant. rf ^ ^ ^ fc ^ and ^ x _ ray 

The first to third joints 46, 48 and 50 have the same dete ctor 16 is fixed at the present position. 

stnictu«.nG.6sh^ M has been described tQ the ^ 

example. An end portion of the first arm 42 is mtegrally 45 embodiment, the X-ray generator 12 is rotatably fixed to the 

coupled to a .drum ffl. The drum 52 is rotatably attached to c ^ h d ^ u ^ x deleclor 16 u attached l0 the 

the Craped arm 14 by means of bearings 54. An end of a c ^ h d arm 14 such thal the position/direction of the 

shaft of the drum 52 is coupled to a motor 56. Tne first arm x delecl0f u Qm be altered Tfae x generator 12 and 

42 can be rotated by the motor 56. The other end of the shaft x de(ector u m rotated/moved ^ mat face each 

of the drum 52 is provided with a potentiometer or an 50 othef If the object ^ displaced/moved, t^us, 

encoder ^functioning as a position sensor 58 for detectmg the sliding/rotating mc c . shapcd ^ 14 , ^ ^ 

angle of rotation of the first arm 42. equivalent to an image obtained at angles by sliding/rotating 

Since the link mechanism 20 has such motor-driven ^ C-shaped arm 14 can be obtained Accordingly, the slide 

joints, the position/direction of the X-ray detector 16 is sln)ke of the C-shaped arm can be substantially increased 

controlled such that the X-ray detector 16 may always face 55 an d images can be obtained at large angles. Since the 

the X-ray generator 12 in accordance with the rotation of the C-shaped arm is not slid or rotated, exact and flexible 

X-ray generator 12. positioning can be easily performed. The X-ray diagnosis 

The joints may be driven by the motors or manually. In the apparatus applicable to a wide range of uses is provided, 

latter case, the position/direction of the X-ray detector 16 is other embodiment of the apparatus of the present inven- 

first determined, and then the sliding/rotation of the 60 tf on ^ be described below. In the following descriptions, 

C-shaped arm 14 and the direction of the X-ray generator 12 elements common to those in the first embodiment are 

are automatically altered. As is shown in FIG. 7, a handle 62 denoted by like reference numerals and a detailed descrip- 

is provided on the X-ray detector 16, and the operator sets ^ on thereof is omitted, 
the detector 16 at a desired position/direction. If a power 

assist mechanism is provided and a motor is driven so as to 65 Second Embodiment 

move the X-ray detector 16 in a direction in which force is The second embodiment of the invention is the same as 

applied to the handle 62, the load for operation may reduce. thc first embodiment in structure, but it differs in imaging 
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mode. In the first embodiment, the SID and SOD are set at support column, and the support-column-axis rotational 
a constant value such that the imaging magnification ratio angle of the support column to the ceiling or floor, 
may be constant, and the normal fluoroscopic imaging mode It is generally required in cardiac examination that im ag- 
in which x-rays are vertically incident on the detection plane ing at large angles be performed such that blood vessels 
of the detector 16 is adopted. In the second embodiment, the 5 extending in various directions may not overlap. In this case, 
tomographic imaging mode is adopted. The second embodi- there is no choice but to dispose the detection plane of the 
ment differs from the first embodiment with respect to the X-ray detector 16 at an obtuse angle to the object, and the 
movement of the X-ray generator 12 and X-ray detector 16. X-ray detection plane cannot be put in close contact with the 
FIG. 9 illustrates the operation at the time of imaging in the object. In the case of imaging at large angles, in order to 
second embodiment. The joints of the link mechanism 20 are 10 cope with this problem, an angle, at which the X-ray detector 
controlled and the X-ray detector 16 is moved in a plane 16 is put in close contact with the object, that is, an angle, 
which is in parallel to the object and the floor (thus the at which the tangential direction of the body surface of the 
imaging magnification factor varies). At this time, the move- object is substantially parallel to the detection plane of the 
ment of the X-ray detector 16 and the X-ray aperture x ~ ra y detector, is precalculated and the corresponding data 
opening are controlled so that the center of the X-ray flux „ * stored ' m apparatus as preset data. Based on the preset 
may coincide with the center of the detection plane of the £ a ta, the X-ray detector 16 is positioned The driver for the 
X-ray detector 16 (but the incident angle varies). In accor- ^ mechanism is automatically ^ controlled in real time to 
dance with this, the bed on which thf object is placed is ^} 10n X-my detector 16 a the angle of preset dato, on 

moved so that the region-of-interest (ROD may always be *f b f J? 0 V*^ 1 ?! T °\Tu ^ ° f • * "f 

* . *u \ r 4 . v V a. 7; J , 14 relative to the holder 18, the major-axis rotational angle 

present at the center of the X-ray flux. Lite the firs 20 of holdcr 18relativc tolhc support ihirnii, aiid &e support- 

embodiment, instead of moving the object, the vertica column-axis rotational angle of the support column to the 

movement and the movement along the ceiling (horizontal ceiling or floor Accordingly, the X-ray detector 16 can 

movement) of the C-shaped arm 14 may be utilized. always be put in close contact with the object in every 

Thereby, the C-shaped arm 14 itself may be moved to imaging operation, and clear images with less blurring can 

relatively move the object. ^ be obtained. The angle of the X-ray detector 16 need not be 

A tomographic image of the object can thus be obtained. preset, but it may be set manually (including electric and 

In order to perform tomography, a tomography switch is manual operations) in each operation- 

provided as an imaging mode switch. When this switch is Switches capable of mode selection may be provided for 

turned on, the tomographic mode is effected. the above-described setting of the X-ray detector 16, and the 

A modification of the second embodiment, wherein the 30 operator may set the mode. For example, four mode 

direction of the object relative to the C-shaped arm 14 is switches may be provided: mode 1 (opposed to the X-ray 

changed 90°, will now be described. In the preceding mbe )^ mode 2 (parallel to the floor); mode 3 (variable 

description, the C-shaped arm 14 is disposed in a plane according to each imaging operation on the basis of preset 

perpendicular to the body axis of the object. However, as ? ato <™ close contact with the object)); and mode 4 

shown in FIG. 10, the C-shaped arm 14 may be disposed in 35 (^nual) Furthermore a switch may be provided for 

1 1 j* *i_ u j c *t_ » . . t^l . displacing/moving the bed, on which the obiect is placed, 

a plane including the body axis of the obiect Thereby, V t . f\. r r ■ ,™^t\ , • • 

n _ . . . such that the reeion-of-interest (ROI) may be positioned at 

inguinal region fluoroscopy, etc. can be made easily. A c , v , A , ' „i_ fTv v . 

e -a 11 1 *u n i * c.u v j » the center of the X-ray detection plane. When this switch is 

Specifically, only the parallel movement of the X-ray detec- fc . 4 . , , . * . *, , nn _ « . . . 

cor 16 and the rotation of the X-ray generator 12 are turned on, the bed is displaced/moved. When tins switch is 

synchronized, and the top plate on which the object is placed 40 Tr,f' ?t ° PP ^' Z°%,r « **? k 

may not be moved. In general, in the conventional cardiac- ^ ° r " taBK Vt^ mode 9 ) switch ma y 

specific apparatus, the object is accessed by the C-shaped ^ 

arm from the head portion. However, in the case of the Third Embodiment 

conventional offisetless C-shaped arm, the C-shaped arm The C-shaped arm 14 in the first and second embodiments 

interferes with the head of the object and fluoroscopy cannot 45 has a substantially semicircular shape as in the prior art. In 

be effected up to the inguinal region which is a catheter th e present invention, since the sliding/rotational angle is 

piercing region. Under the circumstances, in the prior art, in substantially increased by the rotation of the X-ray tube, the 

order to perform inguinal region fluoroscopy, it is necessary length of the C-shaped arm 14 can be shortened. FIG. 11 

to use a C-shaped arm with offset (wherein the holder 18, shows me structure 0 f the C-shaped arm according to the 

which is a rotational axis of the arm 14, is not present in the 50 third embodiment The basic structure is common to the first 

plane defined by the arm 14). However, since the C-shaped and embodiments, but the C-shaped arm 14 is 

arm with offset is inferior in balance, the power system shortened and has an arcuated shape substantially corre- 

increases in size and the accessibility to the object is not sponding to a quarter of a circle. 

good. According to the present embodimeDt, however, the Likc thc fifSt and cmbodimcnts> t he X-ray «o- 

X-ray detector ;16 can be horizontally moved m parallel from 55 crator n & rotated and thc position/direction of the X-ray 

the head to the toe of the object, as shown m FIG. 10. dctcct0f 16 and tbc [xiQQ of me M afC varied accord . 

Thereby .without moving the object the entire body can be ^ It ^ mus possible to obtain a slide stroke equivalent 

examined while the C-shaped arm 14 is kept static. to ^ ^ stfoke of ^ gubstanUaUy semicircular C-shaped 

In the second embodiment, the x-ray detector 16 is arm of the conventional circulatory-system X-ray diagnosis 

opposed to the floor and moved horizontally. It is not 60 apparatus. As a result, the entire apparatus can be reduced in 

necessary, however, that the detector 16 is parallel to the size and we j gDt> aod tn e installation space in the hospital can 

floor (i.e. horizontal). The detector 16 may be displaced/ De In ^ lhird embodiment, like the first and second 

moved at a predetermined angle to the horizontal direction. embodiments, imaging can be performed in various modes. 
In this case, the link mechanism is moved on the basis of the 

preset data representing this angle, the sliding rotational 65 Fourth Embodiment 

angle of the C-shaped arm 14 relative to the holder 18, the In the preceding three embodiments, the axial direction of 

major-axis rotational angle of holder 18 relative to the the joints of the link mechanism 20 of X-ray detector 16 is 
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perpendicular to a plane defined by the C-shaped arm 14. ture blade drive section 2046 feed-back controls the aperture 

However, the axial direction of the joints may be set in the opening for X-rays. 

plane defined by the C-shaped arm 14. FIG. 12 shows the The support section 204 further includes a brake release 
C-shaped arm according to the fourth embodiment of the S whch 204g. An ON/OFF signal is fed by a manual opera- 
invention, wherein the first embodiment is modified in this 5 tion or an electric operation to the detector displacement/ 
manner. In the fourth embodiment, like the first and second movement drive section 204c. An output from the detector 
embodiments, imaging can be performed in various modes. displacement/movement drive section 204c is delivered to 
Although not shown, the second and third embodiments may an operation mode control section 210a* in the control 
be modified similarly. section 210 via a detector position detection section 204/ 

10 corresponding to the position sensor 58 in FIG. 6. 

The operation mode control section 210J controls the bed 

FIG. 13 shows a C-shaped arm of an X-ray diagnosis displacement/movement amount calculation section 210a, 

apparatus according to the fifth embodiment of the inven- X-ray tube rotational amount calculation section 2106 and 

tion. The fifth embodiment relates to a modification of the X-ray aperture opening calculation section 210c. A setting 

link mechanism of the first embodiment In the first 15 signal from the setting section 206 comprising an SID 

embodiment, the link mechanism for holding the X-ray setting section 206a, a support section mode setting section 

detector 16 is constructed such that the position/direction of 2066 and a bed mode setting section 206c is also delivered 

the X-ray detector 16 can be varied by the first and second to the operation mode control section 210c/. An output from 

arms 42 and 44 coupled by means of the joint 48. However, the operation mode control section 210a* is fed to the display 

the same advantage as with tbe first embodiment can be 20 section 208 comprising an SID display section 208a and a 

obtained, even if a proximal end of an extendible arm 70 is mode display section 2086. 

coupled to the C-shaped arm 14 by means of the first joint This control circuit realizes tbe various operations as 

46 of the first embodiment and a distal end of the arm 70 is described above. 

coupled to the X-ray detector 16 by means of the third joint M has been described> acc0 rding to the present invention, 

50 of the first embodiment. Although mot shown the second ^ x generator for emitting X-rays to the object is 

to fourth embodiments can be modified similarly. attached to the c . s haped arm such that the position/direction 

FIG. 14 is a block diagram showing a circuit configuration of the X-ray generator can be varied. By varying the 

of the X-ray diagnosis apparatus according to the present position/direction of the X-ray generator, the direction of 

invention. This circuit configuration is applicable to the first 30 emission of X-rays can be changed. The planar X-ray 

to fifth embodiments. detector comprising the solid-state detector array, which is 

The X-ray diagnosis apparatus of this invention generally less than the conventional I J. in size and weight, is used to 

comprises a bed 202, a support section 204, a setting section detect X-rays which have passed through the object. The 

206, a display section 208 and a control section 210. The bed X-ray detector is attached to the C-shaped arm by means of 

202 comprises a bed drive section 202a for moving a top 35 the mechanism which can easily alter the position/direction 

plate in the vertical direction, left-and-right direction, and of the X-ray detector in accordance with the direction of 

front -and-rear direction, and a bed position detection section emission of X-rays determined by the position/direction of 

2026 for detecting a movement position. An output from the the X-ray generator. The bed on which the object is placed 

bed position detection section 2026 is fed to a bed movement is moved to the position corresponding to the position/ 

amount calculation section 210a in the control section 210. 40 direction of the X-ray generator. Unlike the conventional 

Based on a calculation result in the bed movement amount C-shaped arm, the C-shaped arm of this invention can be 

calculation section 210a, the bed drive section 202a feed- positioned at large angles. The degree of freedom of the 

back controls the bed position. apparatus increases and this apparatus is applicable to a wide 

The support section 204 corresponds to the mechanism of clinical uses. Moreover, the slide stroke can be 

for rotatably attaching the X-ray generator 12 to the 45 substantially increased without deteriorating the accessibU- 

C-shaped arm 14, and to the link mechanism 20 for movably il y t0 d» object, and volume image acquisition is realized, 

attaching the X-ray detector 16 to the C-shaped arm 14. The Tomographic images can also be obtained with ease, and the 

support section 204 comprises an X-ray tube rotary drive degree of freedom of the apparatus increases. Furthermore, 

section 204a corresponding to the motor 30 in FIG. 3, an me apparatus can be reduced in size and weight. For 

X-ray aperture blade drive section 2046, and a detector 50 example, volume data acquisition by sliding rotation is 

displacement/movement drive section 204c corresponding realized, and tomographic images can be easily obtained 

to the motor 56 in FIG. 6. An output from the X-ray tube Additional advantages and modifications will readily 

rotary drive section 204a is fed to an X-ray tube rotational occur to those skilled in the art. Therefore, the present 

position detection section 204d such as a potentiometer or an invention in its broader aspects is not limited to the specific 

encoder. An out put from the X-ray tube rotational position 55 details, representative devices, and illustrated examples 

detection section 204a* is delivered to an X-ray tube rota- shown and described herein. Accordingly, various modifi- 

tional amount calculation section 2106 in the control section cations may be made without departing from the spirit or 

210. Based on a calculation result of the X-ray tube rota- scope of the general inventive concept as defined by the 

tional amount calculation section 2106, the X-ray tube appended claims and their equivalents. For example, the link 

rotary drive section 204a feed-back controls the rotational 60 mechanism 20 for holding the X-ray detector comprises two 

position of tbe X-ray tube. An output from the X-ray arms and three joints. However, the number of arms can be 

aperture blade drive section 2046 is fed to an X-ray aperture increased to five and the number of joints to six, and 

opening detection section 204e. An output from the X-ray three-dimensional displacement/movement can be achieved 

aperture opening detection section 204e is fed to an X-ray by alternately changing the directions of axes of the joints, 

aperture opening calculation section 210c in the control 65 If the columnar joints are replaced with spherical joints, 

section 210. Based on a calculation result in the X-ray three-dimensional movement is realized with use of the two 

aperture opening calculation section 210c, the X-ray aper- arms. The present invention is applicable not only to the 
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circulatory-system X-ray diagnosis apparatus, but also to 11. The apparatus according to claim 1, wberein the 

X-ray diagnosis apparatuses for other regions or diagnosis detector support member controls the position and/or the 

apparatuses having X-ray generators. direction of the X-ray detector such that the X-ray detector 

What is claimed is: is parallel to a floor. 

1. An X-ray diagnosis apparatus comprising: 5 12. The apparatus according to claim 11, which further 
an X-ray generator configured to emit X-rays towards an comprises: 

object; a bed apparatus configured to parallel-move the object in 

an X-ray detector configured to detect the X-rays which a plane parallel to the floor, and 

have passed through the object; wberein the X-ray generator support member changes the 

a first arm having an arcuated shape; 10 position and/or the direction of the X-ray generator in 

an arm support member configured to support the first association with movement of the object, and 

arm; the detector support member parallel-moves the X-ray 

an X-ray generator support member, provided at one end detector in a plane parallel to the floor in association 

of the first arm, configured to support the X-ray gen- 15 with the movement of the object, 

erator such that a position and/or a direction of the 13- The apparatus according to claim 11, wherein the 

X-ray generator is variable in order to direct X-rays X-ray generator support member changes the position and/or 

toward an outside region of the first arm; and the direction of the X-ray generator such that a direction of 

a detector support member, provided at another end of the ^ X-rays varies along a body axis of the object, and 

first arm, configured to support the X-ray detector such 20 tDC detector support member parallel-moves the X-ray 

that a position and/or a direction of the X-ray detector detector in a plane parallel to the floor in association 

is variable in order to receive X-rays. with a change in the position/direction of the X-ray 

2. The apparatus according to claim 1, wherein the arm generator. 

support member comprises a holder configured to support 14. The apparatus according to claim 1, wherein the 

the first arm such that the first arm is slidable along the arm 25 detector support member controls the direction of the X-ray 

support member, and a support column configured to rotat- detector at a predetermined angle to the floor, 

ably support the holder. 15. The apparatus according to claim 1, wherein the 

3. The apparatus according to claim 2, wherein the first detector support member controls the position/direction of 
arm is such an offsetless arm that a rotational axis of the the X-ray detector such that the X-ray detector is substao- 
holder is located in a plane defined by the arm. 30 tially put in close contact with a body surface of the object. 

4. The apparatus according to claim 1, wberein the 16. The apparatus according to claim 1, which further 
detector support member comprises a plurality of arms and comprises a handle provided on a part of one of the detector 
a joint configured to movably couple the arms, one of the support member and the detector, and 

arms being movably coupled to said the another end of the wherein the X-ray generator support member moves the 

first arm, and another of the arms being movably coupled to 35 X-ray generator in association with movement of the 

the detector. X-ray detector when the X-ray detector is manually 

5. The apparatus according to claim 1, wherein the X-ray moved with use of the handle. 

generator support member comprises a plurality of arms and 17. The apparatus according to claim 1, wherein the 

a joint configured to movably couple the arms, one of the detector support member comprises an input unit configured 

arms being movably coupled to said one end of the first arm, 40 to set a distance between a focal point of the X-ray generator 

and another of the arms being movably coupled to the X-ray and a detection plane of the X-ray detector, a controller 

generator. configured to control the position and/or the direction of the 

6. The apparatus according to claim 1, wherein the X-ray detector such that said distance is kept constant, and 
detector support member comprises a single extendible arm a display configured to display said set distance, 
movably coupled at one end to said another end of the first 45 18. The apparatus according to claim 1, further compris- 
arm and movably coupled at the other end to the detector. ing a controller configured to control a position of a bed, on 

7. The apparatus according to claim 1, wherein the X-ray which the object is placed, such that a center of an X-ray flux 
generator support member comprises a single extendible passes through a center of a region-of-interest of the object 
arm movably coupled at one end to said one end of the first while an imaging magnification ratio is kept constant, 
arm and movably coupled at the other end to the X-ray 50 19. The apparatus according to claim 1, wherein the 
generator. detector support member includes a driver configured to 

8. The apparatus according to claim 1, wherein the move the X-ray detector in a given plane, and the X-ray 
detector support member controls the position and/or the generator support member includes a controller configured 
direction of the detector such that a center of emitted X-rays to control an X-ray aperture opening of the X-ray generator 
coincides with a center of an image reception plane of the 55 such that a center of an X-ray flux coincides with a center of 
detector, and a detector image-reception plane of the X-ray detector. 

the X-ray generator controls an X-ray aperture opening in 20. The apparatus according to claim 19, further corn- 
accordance with a positional relationship between the prising a controller configured to control a position of a bed, 
X-ray generator and the X-ray detector. on which the object is placed, such that a region-of-interest 

9. The apparatus according to claim 1, wherein the 60 is always located at a center of an image. 

detector support member controls the position and/or the 21. The apparatus according to claim 1, wherein the 

direction of the X-ray detector such that the X-ray detector detector support member comprises a brake release switch 

faces the X-ray generator. configured to manually turn on and off braking of respective 

10. The apparatus according to claim 9, wherein the movable mechanisms. 

detector support member supports the X-ray detector such 65 22. The apparatus according to claim 21, further corn- 
that a distance between a focus point of the X-ray generator prising a controller configured to control respective movable 
and a detection plane of the X-ray generator is kept constant. portions holding the detector support member such that 
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manual operations can be performed when the position plane denned by the first arm, said X-ray generator support 

and/or the direction of the X-ray detector is controlled. member supports the X-ray generator such that the X-ray 

23. The apparatus according to claim 20, wherein the generator is shifted within the arm plane, and said detector 
X-ray generator support member includes a controller con- support member supports the detector such that the detector 
figured to control an X-ray aperture opening of the X-ray 5 fe sMflcd within the arm plaD , which fonher comprises 
generator such that a center of an X-ray flux coincides with a member ^ tQ ^ ^ 
a center of an image-reception plane of the X-ray detector. , , ~. „ . v ° . . 

24. Hie apparatus according to claim 1, wherein the first and/or me direcUons of ^ S enerator and me detector 
arm has an arcuated shape of about 90°. such ^at direction of the X-ray changes perpendicular to 

25. The apparatus according to claim 1, wherein the X-ray to mc D0( ty ax k- 

detector is a planar detector comprising a plurality of 28. The apparatus according to claim 1, wherein the object 

solid-state detection elements. is arranged such that a body axis is included in an arm plane 

26. The apparatus according to claim 1, wherein the object defined by the first arm, said X-ray generator support 
is arranged such that a body axis is included in an arm plane member supports the X-ray generator such that the X-ray 
defined by the first arm, said X-ray generator support 15 gCDCrator js shifted within a plane perpendicular to the arm 
member supports the X-ray generator such mat the X-ray ^ ^ ^ detector rt member ^ dct£C . 
generator is shifted within . the ; arm plane and said detector ^ ^ ^ shif(ed ^ 

support member supports the detector such that the detector , . . t - . 

is shifted within the arm plane, and which further comprises dicular t0 the arm P kne > and which further com P nses a 

a support member controller configured to vary the positions 20 su PP ort member controller configured to vary the positions 

and/or the directions of the X-ray generator and the detector and/or the directions of the X-ray generator and the detector 

such that the direction of the X-ray changes along the body such that the direction of the X-ray changes along the body 

axis. axis. 

27. The apparatus according to claim 1, wherein the object 

is arranged such that a body axis is perpendicular to an arm * * * * * 
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